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ON THE UNI)TEBSAL FERMI INTERACTION 

Sidney A. Blwlmao 

Radiation Laboratory 
Univeralty of CaUfornia 
Berkeley, California 

April 8, 1958 

ABSTRACT 

UCRL-8Z41 

The parity-noneo11eervins, V-A form of Fermi interaction le derived from. 

a principle of invariance under a eontinuoua group of tranaformationa, in analogy 

with the orclinary aauge -invariance derivation ol the miclmal electromagit,etic 

interaction of charged particlel• Thia aeeu.mptionla a stronger reatrie,tion on the .. 
form ofEFermi interaction• than that invoked by Sudarehaa ancl Marehak, Gell-Mann 

and Feynman, and Sakurai, and leade to additional prediction• that are subject to 

experimental check. U these traneformationa were aymmetry tranaformatione 

of the entire Lagnngian, then the ~- and v.-decay coupling conatante would be 

preciaely equal. The implication• of exten.dlng thil Fermi gauge invariance to 

a group depending on apace -time functions its ..di1si«:crle,~. 

The poaeibility that Fermi interaction• involvina change of etranaeneaa 

are unallowed ia considered, and the reaulta of aaauming a universal Yukawa V ·A 

parity-nonconaervlng lnteractioft are tabulated. Such a Yuko.wa interaction, 

involving one new coupling constant. leads to reasonable K meson and hyperon 

decay rates and allows 11' meson decay into ll + " without any appreciable 

decay into e + v • 
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Now the vectorial nature of the Fermi interaction euggeete a atronger 

aaeumption analogoue to the aeeumption of gauge invariance in electrodynamic•. 

In this paper we coneider the consequences of aeeumina for the Fermi interactions 

an invariance underlf< a continuous group of transformation• applied to variou. 

fermion• eimultaneouety. One motivation for this farther-reaching aaeumption is 

that the charge-exchange character, expreaeed by the operatore "• in Eq. (1), 

can be incorporated more naturally. A eecond motivation ia that certain con

eervation lawe, to be diacueaed in Section m, would follow if the entire Lagrangian 

were invariant under theae continuous Fermi gause transformation•. Since the mass 

terma, and probably also the etrong interaction•, are not invariant under theee 

tranaformatione, we will be led to apeculate on the origin of the strong interaction• 

and the blocking of the eymmetry of the weak interaction•. 

In Section m we also dbcuas two etructure problem• connected with the 

weak interaction: the p value, aad the Oamow .. Teller Fermi coupliag eonatant 

ratio. Section IV diecuaeee the poeeibillt~ of allowtns Fermi gauge transformations 

which depend arbitrarily on epace -time. Thb leade to a vector me eon intermediary 

field in Fermi interaction•, with eerioue impUcatione that are diacuaaed. 

We are inclined to believe that the Fermi interaction• do not allow cbaqea 

in etrangeneea. Since thie philoaophy--which ia in agreement with experimental 
5 

reaulta on the abeence of hyperon J\ decay--is more re•trictive thaa:a the usual one, 

we are led to introduce ln the Appendix a univeraal weak Yukawa interaction. This 

additional interaction (with one arbitrary coupling conetant)le sufficient to explain 

the obaerved rates of moat meeon and hyperon decay proceaaea, and makes verifiable 

prec:lictiona ahout the aaymmetriea and nucleon polarisation• to be expected in 

hyperon decay. 

The weak interaction• have been generally regarded solely as deetructive 

of the reflection and charge -conjugation aymmetry lawa. The point of view suggeeted 

in thie paper, on the other band. il that the weak interaction• actually show some 

eymmetry not ahared by the etrong interaction•. 
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(.r,. . +t] ·-i (l + 'Y6lh 1+t; 

[s. +tc] • t U • VslJ;,T ~ c -~ 
• '·." J? .~. • . • 

__ . . ~rd..-1• ao4 aoUpa.dlcle •<mtl'lh*' wl$ o.-.al~ lliaae to I'.-_ ~i4:b ._. 

(J) 

·· ·~--tile .lb. J"eftrlt ~h•'-• (wlth •••• compoua,•! t ot- rfdmt ~pia~ 
~ ',~;;~,4-i-.-'.''- ~. . . ·.-_~~ace. r, ... l'z tlo DO& ~ta--te Mtk ..._. 'etectl'k; c.h••·· a:t.te• ot_.teftft\te 

_ oclt~~' ~-~~l be 1!1~~-' la Fl. ~ (aay motte 9'•~ ~e!~!.,~~e ~ :,~-~~~ lo tb~ 
-••••~\I(~~·Sua~tknl .... ~~·· ••rJ~ ,taderi U.la -~~.-~~Y ~ ~ ... ct~•a•tt.~ tt.,~ 

., 

tlta,t d!~U~•h•• th• .me~n ol the •••••n~:.-_4i· dwbleh. ·- _ 
N~te tl\At the upper-&a4 tower ••m~r• of •.. ar4.. JKt•~dve ~4 U\lt..-t .tor 

th., ~u~'*on• au neutnl aa4 upUw tor -the l•ptoa•. ~~ lt: aumm,a.riod to . 
the £~~~1& tor ~ c:haqe 

Q • .,, •, f/~ • 

wh•re the ch&I'Je. dt•ptac:ement f la 1 ·to~ euc:)eoos q4 ·l to_r leptoa•• 

z~ Mit~tmat coueuaa 
. . _ Wr• F ,(-' . t} 

. . 
lD a4cU.Uoa.to hauaSag Fe ... i gaqe ln\1ariu~e ot dle we-.k iGieracttou. we.~ 

4\laa a-a•ume th,et ~ wel}ttn-.~etloae an •~dtlclllly .e tllt.et-•~tlo•• of_ tid• . . 

.::uneat wt~ l_~..U, · · · · 

Thif ·~·u~on coJ"-. •. poll4• ~octlf to !l'":~~.Jti.Ptf.on of· ~.1-:t.l•:tactioa 
in •lec:tl'od~. · ~- , 

The lc.teractio~ (6) c:oataltt.e tht*ee .. kffl&• ol-tt~~a1 

' . 

.• 
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' · · (b} The wealt proc••• (pa) (npJ. ti it cou14 be ob.-ene.S. -~ulcl .• cl'O*i.ly 
· ~~~~ .. wl~ a eoutdlaS coattaat ..l.. • . . . 

(o). Other •catte'llq pl'OcA••• ftOt ~o•l4ere4 by F•"•ai\ .'-ad chtl•Nann 
. • .......... d by s,. (10). . :: ' ; ' 

. · .. : · De•• :ruu.\ta, wllleh .ay be ·•~J~tct io~·itiji .. tltai cb.4~k.· &I'W flet::e.•••l"f 
. ~o' ••• ,t& ••• ot out dewtopmeat. lf "+ •Qd . ,. ... '"i:·!~lodct-•4 ~~ •*r to . ., 

;. •. : - . .• . -. • '< '.· !:., l . . . . f :-: ... ·;\·:·~· .. ~ 

·~~•·the o.-nki'J eharii~·•JtCba«ll• tD&e.-acUoa• (1), "~~::_;:s~·-~~~:occ;uti" if a ·;"·<: .{: 
· ·a.roup Se to 1te clelloed. · ;,;.:t.,:.... ·~ ·•. .... 

. 3.' ~- 'll'lli~tr•e.l ~. ~ J'e~ ..... ..,.~ \ r· ; .. 
· . . ·B•c•u•e ett.cb +1 wae •••ume4 to eo~ a aeutra1 Ja• a oha ~"l ;.._pal'tf.~le 

flfjld, gaire like (e • • "') ~• (e .. ll 1 do aot ~ppear. Thl•/•aotud~• th. de~•y.· 
·! \ 
J .. ' 

+ l . . \ ol': e."" + e · + • .. , · \ 
~ ('l·Z} 

'. ... - • .:" + y 

or .•. \ ·; 
. •ht-cb :have, ·i• fMt, aever been ob•erved. . . . \ . .. 
• .· · · TH Fe rat· a•••• tr&allonaatlott~_· caa certainly lte •·~~~~ •• -~~~-· · ·. 

~oaflttl~~ of m. ••la6. ra of a eJl&\'Je _muttlptet aucll ... · (1:
0 a·\··~ l~~~,l~~ .. fi'0. -~·). .. _ 

whent ·*' • i' (A 
0 

+1):. yO • t ( A 
0 

.. r.0) • Tlie •te. ot Ja cti~a:y fl!:-:- '1$.
0 

+ e + w 
d•pe~-.oa. •• pt.,.to•h..U•covtJncl B4 .... .- •••• 41$~~~~\ ~~.· ~"·~caye, 
·f! . ~ ·z0 • pMC~ .. a rate ·•lower than ·6 ,.,. ••coa4. · \.. . .· · .. . 

· · . I& :would •••m• ·~ the otll•~ · haml, ·. 10 lN t.n .pen ~ttlon 4'~' OJ' llOt.~Pa.Jl"'t 
liM. (.p .A0}, 40alf.1t.tbil ot meabe_•• ot ·.g!t{~~~~ teha~•·;·.--~#pt~~~'~. ·~srct ,~·,. ·:·., .. 

· .. · Fe.-ml i•aa• traaato..-auo.,.~ lo~l••l<nl ot -•" • plr' .• lJ.·Jile ?etmi~";~•oa ·· .. 
. ;l•• •uaaa.•'-~~t., O.tl .. M&u

5 
ill o~._ -.~ the··.i-.,~~~rdc~ .. ~~-~ ~·:·_ .. \t•••t 

/.1 i.o pirl. ac'pte. • a con•:eqv.ence.of ~o- uat_.··vefte.\ . .rt~.· .. la~~:~~-:.·!a_·;~~·~':.Jh1U\;:·•.:~ -·~~-~ ·.·•. 
/ · over.a~ aymmetl"J' prirad.pte •••tatdoa :~-Pt .....at ~,aftd *·~ ;J.•Ja·ftCU,oat 'P7tl*:~• 

... "·/ · to all.~l1t~l••• our phB.•I*Y~~-~ t,.e to atlcnr·th. .p,.teU.,cOr ••••• of ~\. ~· 
• 

1
: · df,cava·Ule ·· · · \.. 

I ./ ,.., ' . '• - • '~ 1'\\ 

'/ ' ' .. : . . · . \ \ ... 
' ·· z .• A ....,. n + • + Y' ·, . ( t»~·~ l to mn •• ;,hal:·u the •*-- ••• W ~ .-w..~, u.e.-tto~. · . . . 
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. ; " ' ot ~ • • • . <' • • • • ol • • • • • • • • 
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V. CONCLUDING DISCUSSION 

This development presupposes that we can treat the weak interactions 

at leaat semiquantitatively, without attempting to deal with the strong 

interactions. A Fermi current haa been derived !rom a continuous group of 

transformations, which presumably would be symmetry operation.• ln. the absence 

of strong-intel'action effects. The weak interactions are supposed to be the 

interactions of this Fermi current with iteell, and possibly with spin-zero 

mesons. 

This asaumptioD. goes beyond earlier ones1• 4• 5 in three respects: .' 

(a) A continuous group of transformations described in Eq. (Z), h~s been 
~ . 

introduced here in frank analogy with gauge invariance, general covaria ... ce and 
' 

iaotopic spin lnvarianee, in order to give expreation to the at-least-app~oximate \ 

conservation o! Fermi char1e obeerved in the near equality of Fermi c~upling 

constante. (As stated in Section m we imagine the Fermi gauge invaz;tance to be 

blocked, at least partially, by thole same phenomena givina rise to strong inter

actions and mass effects.) Invariance under a discrete group like tbat in Eq. (Z1
) 

does not imply any current consel'Vation at all. 

(b) We incorporate the three charge operators "'+' .,. • aa:i .,. 3 into our 
l, 4, 5 1- th h symmetry transformation instead of assuming direct y e c arge exchange 

character of the interaction. Because we allow charge -retention Fermi 

interactions (through 'f 3) in addition to the charge -exchange interactions ( 7) and (8) 

we expect weak neutrino-nucleon but no neutrino-electron acatterin1 processes. 

'i. 

(c) Since we see no reason why the Fermi interaction need extend to~ fermion 

pairs, we do not expect hyperon IS decays involvins strangeness change. If this 

turns out to be the cate, we muat assume an additional universal weak Yukawa 

process to describe meson and hyperon decays. 

The consequences ol assuming Fermi gauae invariance are in any case 

far-reaching enough to permit an experimental decision. 
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APPENDIX 

In thia appendix we wieh to record the reeulte of aeeuming a weak 

interaction between a me soil fielc! + of mae a M, &lld particular pairs of 

fermion• 

(Al) 

As Juggested in the riaht aide of Figure 1, this interaction ie aeeumed to involve 

only barJ9ns (PA), (N A), (PJ:), (N1f), (SA) belollgillg to different charge 
8 -1 multiplets, and only the lepton pair (vi')· From the rate 0.39 x 10 sec for 

, decay, we fix 

(AZ) 

The other decay rates are then calculated from this one coupling conJtant and 

compared with experiment in Table 1. The rate for K- toL + v has been given 
17 previously. For the baryon decays, no attempt baa been made to calculate 

branchiag ratios that would follow, for example, from the AI = i rule. 

Thia weak Yukawa interaction dlacriminatea between muon and electron 

in such a way aa to allow the decay 1f - p + v while preventing any appreciable 
' 

"- e + " decay. The strong • coupling to (PN) of course still allow~~?,, ~n addition, 
, .. , -~~. ~ ·~,:); 

w decay through the Fermi interactions that are known to involve (PN) ( v e) ae 

whll as (PN) (v p). The experimental upper limite on the ratio of decay modes of 

e and .,. suggest, however, that these Fermi interactions can be responsible for 

no more than one-tenth of all v d.ecaye.( A recent eatimate·
18 

of 'I' decay through 

the channel 1r- f\. + f'\.- I' + v thowe appreciable damping of the pion-nucleon 

coupling constant. Thia illuatratea how thie channel may not contribute 

aignificantly in compari.aon with the direct Yukawa coupUng aesumed here. It 

.alao. aho~e how the ampli~~..::.. for 1( cie@y th.:r~~gh 'J .:t ~ ~~n. be ~9mp~~~~~Je. w!t!l 
that for 1f decay th~uah '"'h. + '1\ evea thou.p the etl'Onl coupUna conataat• an 

somew~at unequal~ ~ 

i'he interaction (A 1) leads to a ratio of p-wave to s -wave emission 

tan v (1 - x_2
)/(l - x+2

) t p 

which is close to unity in hyperon decay. Here X::t: = M/(M ::t: M2), where 
. 1 19 

M- A.nd M_ are thfl! barvon masses. In the decav of oolarized hvoerons. larg:e 
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poeitive aeymmetriee o = aiD Z " and lonaitudiGal polarisation• PL = -a. 

are thl"moftt;:~btalned. The traneveree nucleon polarization• PT = co• Z "are, 

on the other hand, in the plane defined by the decay and the hyperon epin, and 

relatively emall. In thie calculation the ematl effeete of finat ... etate interaction 

have been ualected. ' 

The experimental .evidence bulicatea20 j o I) 0. 77 • 0.16 in A decay, 

which b eonaietent with the calculated value. The preliminary data probably 

indicate• small asymmetries in ,; decay, Zl which would be in dieagreement 

with the calculated values Ueted in Table I. (Such an experimental result 

would &lao disagree with the .(\1 = i rule, which predict• large asymmetries of 

opposite eigne in at leaet two of the E-decay modee.) In any caee the 

chirality-nonconeerving atrong interactloaa can eaeily waeb out the aaymmetriee 

and polarization• calculated on the basie of the ai~ple V-A interac:tioa. 
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Table I. 

Decays involving mesons. The rates are calculated from the universal weak 
Yukawa interaction (A 1) with couplina constant (AZ) derived from the 11' life
time. The asymmetry 4. &l'ld transverse polarieation PT of the decay baryon 
in hyperon decay are given in the convention of Lee and Yl.ng. 19 

Process 

Ao- -p+w 

0 + A -n+w 

E•-P+•0 

+ + E-n+11' 

- -E- n +, 

..... A o. -;:::. - + 11' 

C alculated _1 decay rate(sec ) 

17 
55 X 106 

O.lOx 10 10 

0.62 X 1010 

O.Zl X 10 10 

Observed _
1

22 
decay rate(sec ) a. 

0.234 X 10
10 

0.89 
2 3 

0.45 
0.126 X 10

10 

0.59 X 1010 

0.69 X 10 10 0.98 0.18 

0.64 X 10 lO 

(0.005 -O.Z)x 10 10 0.95 0.30 
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._ . S-. a~ P. Feyt.m'Saa a~cfM. O,-t\~d1l••i··~rt~ ~v., Jft,!_,,.-.19' .'~l-· 
,~:·: •~ .J.S.;.SAai:a~~~-h·~~~·\)~!~ ·-: ,- .-,~-:.: .,_·. _ :· 
t.. ,·:;_ · .. :.·~· ~.M·~.~•ti~·~~~·ttl:·~~~!_i~~-~~:~~)~ ; ·_ ·. 
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<,.-':}'· ;< .. •, . .r ,• ·,~·:·'"'._ .~ ..... ,.·· '•~ ·~ -~~-~~:,.:·. ~ ~- .. ··<~'·t ... _~ ··-~ · .. ~ _·.~:::~l'/'~-~;,,0,"~' •. ····.~~~ ... >·~·-:~>~7_",'~~ "i• l 6- ....... •,_I' ~,---,'~ • 

.,_',:.:· \. f;;•·' ·.& ···~·~:.~.-·~~:·!.'~~~~~···~··· .. ~--~ .. ~--~!._~ ~'!:0·9;$~)~. <··· · .. · :c.· '·tc. c.-o•• hl\.. Allih;~ftti:i ;he~ •. :&e •• ·at/1, i06:·~it•Wl: ·, · . :. 
~~:·-: ... l .... ~..,- ·,.~ \ :<<"-~ . .,.. ·' :-.··-~ "- ·_ t .··'--~~-.!·~-":-~_ ... ·~"":..'it.~;·~.;! J ·- ''-·:--:··~,l_"." • ~~ ~. :_····::r-~-~.' . . ~- : ~·~·t-~;·.·_ .... " ... -~--····-" -'- .. _ .. ,. ~ 

:· · .. ; ... :· .. -: ;)_. -~. ~.· :~. ~-•,,••~•· · ft.~·~~~~·:-~t!J ... SJ.Jlt~~l:; ,. · ·, .;.···:·.:. : . . . .·. ~: .. ... .,.. · , . 
~-: . · . .. :~:· , ~~. 9 •. ~ -~·~ttl.it ,~i iOtt~~,4~ ·;~· ~~··~;(~~-,4--~~,~.~ltdoa). 
· · · · -1o ... ·-a· ·· '•.:.• .nm. -~~·~, ~~ ._ .... '.- ~:!1~•1 "" :'"""' ,Ji.··\ -i9.·-_.·. i·lilf::;1 l ... 61~: · · ·. · 

· . -~~·.., · . }II~~,., ~-~ ~~·:.·.~~~.~ :.··~.,..., ...... • ··.:"·"··il·-!;,.}.;l.•. ··, · 
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CAPTION 

Fig. 1. The basic weak Yukawa interaction that is aseumed, along with the 

Puppi trianglef in this paper. 
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